Background--Coexistence of cancer and cardiovascular disease is increasingly frequent, but nationwide data covering cancer patients with myocardial infarction (MI) are scarce. We sought to investigate the prevalence of cancer in patients with first MI, and its impact on cardiovascular and bleeding outcome.
T he increasing cancer incidence and improving treatment regimens for malignancy are resulting in a higher prevalence of cancer as well as more individuals considered cancer survivors after successful treatment. 1, 2 As such, the occurrence of cardiovascular disease in patients with current or previous cancer is expected to increase, since more patients with cancer live to develop cardiovascular disease. Additional co-occurrence of cancer and cardiovascular disease may be explained by shared risk factors and biological mechanisms such as inflammation and oxidative stress. 3 Cancer treatment may also directly cause cardiovascular complications such as heart failure, ischemia, and thromboembolism. 4 Because of the exclusion of patients with cancer from most cardiovascular trials and a paucity of large unselected observational studies, there are limited data on the prognosis and treatment of these complex patients, with risk of both undertreatment and treatment complications.
The current nationwide registry study sought to investigate temporal trends in the prevalence of cancer in patients admitted with first myocardial infarction (MI) and its impact on outcome.
Methods

Data Availability Statement
The data that support the findings of this study are available from the corresponding author on reasonable request.
were identified using the national quality registry for MI (SWEDEHEART [Swedish Web-System for Enhancement and Development of Evidence-Based Care in Heart Disease Evaluated According to Recommended Therapies]). SWEDE-HEART includes all consecutive patients and contains data on general demographics, cardiovascular risk factors, pharmacological treatment during hospitalization, in-hospital complications, and invasive management. The database was linked to the patient registry (containing International Classification of Diseases, Ninth Revision and 10 [ICD-9 and -10] codes for inpatient and outpatient care), providing data on comorbidity before index hospitalization, as well as events after discharge. ICD codes concerning cancer care were also obtained from the patient registry. Time of diagnosis as well as cancer stage were obtained from the national cancer registry. The most recent registration was chosen from the national cancer registry in the case of multiple registrations. Mortality statistics, including cause of death, were obtained from the national cause-of-death registry. The information in these registries is registered by the treating physicians. Patients were followed from admission date to either the occurrence of an outcome or until December 31, 2014, using the personal identification number that all Swedish citizens have. Therefore, no patients are lost to follow-up, except in the case of emigration. In accordance with Swedish law, all patients are informed about their participation in the SWEDEHEART registry and the right to get their data erased from the registry on request. The study complied with the Declaration of Helsinki and was approved by the Regional Ethical Review Board at Uppsala University, Sweden (registration number, dnr 2013/525).
Definitions
Patients were designated into the cancer subpopulation if 1 of 2 criteria were met: 1. A cancer ICD code was recorded in the patient registry during the 5 years before MI, indicating hospital admission for cancer or outpatient care for cancer. 2. A diagnosis of cancer was registered in the national cancer registry during the 5 years before MI, indicating the time of cancer diagnosis.
Either one of these criteria sufficed, and a majority of patients met both criteria. The 5-year time period was decided through clinical judgement.
Cancer was defined according to ICD coding categories (specified in Data S1). Nonmelanoma skin cancer, benign neoplasms, and neoplasms of uncertain or unknown behavior were not included in the cancer group but in the group of patients without cancer.
Baseline characteristics as well as outcome definitions are specified in Data S1. Mortality was considered to be attributable to cardiovascular causes if the main cause of death was registered as a cardiovascular ICD code (category I), and cancer related with the use of a cancer ICD code (category C). MI and hospitalization for heart failure were defined by ICD coding (Data S1). Classification of index MI into subtypes was available from 2010 and forward. 5, 6 This classification was also used to evaluate the rate of type 2 MI after discharge for patients admitted from 2010 and forward.
Bleeding was defined according to categories as validated by Friberg and Skeppholm. 7 Bleeding was divided into fatal bleeding, nonfatal major bleeding, bleeding requiring hospitalization, and gastrointestinal bleeding (Data S1). Furthermore, a composite end point of fatal bleeding and nonfatal major bleeding was created. Stroke was categorized as ischemic or hemorrhagic, and venous thromboembolism was reported including pulmonary embolism.
Statistical Analysis
For the current analysis, only patients with no prior MI, as evaluated using the SWEDEHEART and patient registry, were selected. This was done to reduce selection bias. Patients with unstable angina were excluded. To identify trends over time, population characteristics were evaluated according to year of admission grouped into 2-year blocks, with subsequent stratification according to sex. Furthermore, the population was stratified according to cancer in the 5 years before hospitalization. Categorical variables are presented as percentages and compared by chi-squared test. Continuous variables are presented as median and
Clinical Perspective
What Is New?
• Our nationwide study shows that the prevalence of cancer in patients with first myocardial infarction is increasing. • Furthermore, cancer is associated with long-term adverse outcome, including mortality, severe bleeding, recurrent myocardial infarction, and heart failure.
What Are the Clinical Implications?
• Risk for adverse events varied strongly according to cancer extent, timing, and type and need to be taken into consideration when treating these high-risk patients. • Due to the enormous heterogeneity of the cancer population, multidisciplinary evaluation with care tailored to the individual patient by both cardiologists and oncologists is needed to reduce risk for cardiovascular and bleeding complications.
interquartile range and compared using Kruskall-Wallis test. A P value <0.05 was considered statistically significant. For the trend analyses of cancer types, correction for multiple comparisons was performed according to Bonferroni. Unadjusted survival rates were shown using Kaplan-Meier curves. Cox proportional hazard regression analyses were performed to investigate the association between cancer and outcome, adjusting for age, sex, diabetes mellitus, hypertension, smoking status, previous heart failure, previous percutaneous coronary intervention, previous coronary artery bypass grafting, chronic kidney disease, peripheral arterial disease, indication for admission, previous stroke, year of admission (as a categorical variable), and percutaneous coronary intervention during hospitalization. These variables were selected according to clinical relevance, and all variables were included in the models simultaneously. Cases with missing covariate values (N=3565; 2.0%) were dropped from the multivariable analyses. The proportional hazards assumption was assessed visually for the covariates of the Cox proportional hazards models using Kaplan-Meier curves, with subsequent plotting of the Schoenfeld residuals in those variables possibly violating the proportional hazards assumption. These analyses showed that 1 confounder, type of myocardial infarction, violated the proportional hazard assumption because of a higher initial mortality in patients with ST-elevation MI compared with patients with non-ST-elevation MI, but a lower late mortality in patients with ST-elevation MI. Because the differences between patients with and without cancer were limited with regard to the distribution of the type of MI, no further measures were taken. Echocardiographic left ventricular ejection fraction was considered as a covariate but was not included to the large number of missing values (33.9%), which were likely to be nonrandomly missing in the sickest patients. Using the same models, multivariable Cox proportional hazards analyses were performed to evaluate the association of prespecified cancer subgroups with outcome, including extent of cancer (according to tumor classification 8 ) and the 5 most common types of cancer. Furthermore, stratification was performed according to timing of cancer diagnosis. The following categories were used: cancer diagnosis in the year before MI, and cancer diagnosis between 1 and 5 years before MI. Finally, the cancer population was stratified according to care for cancer according to the following categories: care for cancer in the year before MI, and care for cancer between 1 and 5 years before MI. Results from the Cox proportional hazards analyses were displayed as hazard ratios with 95% CI. Analyses were performed using IBM SPSS version 24 (SPSS, IBM Corporation, Armonk, NY). The forest plots were created using GraphPad Prism 5 (GraphPad Software, San Diego, CA).
Results
Population Selection
In total, 805 717 hospitalizations were registered in SWEDEHEART between January 1, 2001, and December 31, 2014. After selection of patients admitted for first MI, 178 621 hospital admissions remained. The first hospital admission was chosen in patients with multiple admissions (which may occur with transfer between hospitals), excluding an additional 3020 admissions. Finally, 445 patients with unstable angina were excluded. Therefore, the final population consisted of 175 146 unique patients with first MI, of whom 9.3% (16 237) had cancer in the 5 years before admission.
Patient Characteristics
Patient characteristics stratified according to year of admission are shown in Table 1 . Cancer characteristics are shown in Table 2 . Median duration between time of cancer diagnosis and index MI was 1.97 years (interquartile range, 0.79-3.38 years). Median duration between the most recent care for cancer (including diagnosis) and MI was 0.67 years (interquartile range, 0.16-2.11 years). Temporal trends for the most common cancer types showed a gradual increase in cancer care for most types of cancer during the inclusion period (Table S1 ). For new cancer diagnoses, only melanoma and breast cancer showed a significantly increasing trend. Cancer extent is shown in Table S2 .
Baseline characteristics stratified by previous cancer showed that patients with previous cancer were older and more burdened with comorbidities compared with patients without cancer (Table 3 ). Invasive management was less common in patients with cancer. Use of angiography increased from 32.6% in the years 2001 and 2002, to 84% during 2013 and 2014. In case of percutaneous coronary intervention, use of stents, including drug-eluting stents, was slightly less common in patients with cancer.
From 2010 and onward, MI was classified according to type in SWEDEHEART. Overall, MI was classified as type one in 87.9% of patients with cancer compared with 91.3% in patients without cancer. Rates of type 2 MI were 9.0% for patients with cancer versus 5.9% for patients without cancer (P<0.001). The rate of type 1 MI was lowest in 2010 (84.6%) but also with the highest rate of unknown MI, at 7.7%. The rates of type 1 MI were between 89.9% and 92.1% during the later years. Type 2 MI varied between 5.8% and 7.1%. Other types were uncommon.
Periprocedural and discharge medication is shown in Table S3 . Patients with cancer generally received slightly less extensive periprocedural antithrombotic treatment. Use of aspirin and other antiplatelet agents with discharge was significantly lower in patients with cancer (aspirin, 88.9% versus 91.7%; other antiplatelet agents, 64.7% versus 69.3%). Use of anticoagulants was more common in patients with cancer (8.0% versus 6.7%). Other preventive medications were less commonly used in cancer patients (b-blocking agents, 86.5% versus 88.2%; statins, 73.6% versus 80.3%; angiotensinconverting enzyme inhibitors or angiotensin II antagonist, 64.6% versus 65.9%; all differences significant).
Outcome
The association of cancer with mortality, cardiovascular, and bleeding outcome is shown in Table 4 . Median follow-up duration was 4.3 years (interquartile range, 1.5-7.9 years). Figures S1 and S2 show unadjusted Kaplan-Meier curves for all-cause mortality, fatal or nonfatal major bleeding, MI, and hospitalization for heart failure. Furthermore, the association between extent of cancer, timing of last cancer care, and outcome is shown in Figures 1 and 2 . Finally, outcome for the 5 most common types of cancer in the current population is shown in Figures 3 and 4 . Table S4 shows a sensitivity analysis of the association of cancer with outcome, after exclusion of patients with prostate cancer. The exclusion of these patients did not alter the observed associations between cancer and outcome.
Additional sensitivity analyses were performed to evaluate type 2 MI after discharge. For patients admitted during or after 2010, the unadjusted rate of type 2 MI for the remaining follow-up time was 0.7% for patients with previous cancer, and 0.6% for patients without previous cancer. No further analyses were performed because of low event rates.
Discussion
Cancer as a comorbid disease in the 5 years before first MI was increasing during the 14-year inclusion period of this nationwide study. The positive trend in recent care for cancer was more pronounced than the increase in the number of new cancer diagnoses by itself, suggesting that improved survival of malignancy is the main driving factor behind this development. International trends showing improving cancer survival rates support this hypothesis. 1, 2 The increase in recent cancer care was consistent among most types of cancer, but was not significant for bladder and colon cancer. With regard to new diagnoses, an overall gradual increase was observed, but only breast cancer and melanoma reached significance when tested individually. The overall pattern of the most common types of cancer reflected rates in the general Swedish population, with the exception of hematological malignancies, which were relatively overrepresented. 9 Most cancer patients had received some form of care for cancer during the year before MI, but the diagnosis had more commonly been made in earlier years. Importantly, cancer in the 5 years before admission for first MI was associated with higher subsequent risk of mortality and severe bleeding, including fatal bleeding and intracerebral bleeding. Risk for cardiovascular complications, specifically hospitalization for heart failure and recurrent MI, was also modestly increased in these patients. Despite that, an increased risk of cancer mortality but not cardiovascular mortality was observed in patients with cancer.
Patients with cancer tended to be older and more burdened by comorbid diseases and received less extensive treatment. Statistical correction for comorbidity and performance of percutaneous coronary intervention showed that only part of the increased risk for adverse events could be explained by these factors. Correction for in-hospital antithrombotic treatment and secondary preventive medication on discharge was not performed, but this was unlikely to explain the large gaps in outcome attributable to small differences in medication between groups.
In those years that classification of MI was available, index MI was more often attributable to type 2 infarction (ie, a mismatch between myocardial oxygen demand and supply) in patients with cancer, resulting in a slightly higher rate compared with the overall SWEDEHEART population. 6 As such, part of the higher reinfarction rate after discharge may be attributable to higher rates of type 2 MI. A sensitivity analysis could not confirm this because of the low number of 12 previously observed an increased risk of arterial thromboembolism in newly diagnosed patients with cancer, with risk directly related to overall tumor burden and extent of disease.
In the current study, more extensive malignant disease was not associated with higher risk for recurrent MI, but was associated with higher rates of hospitalization for heart failure, as well as bleeding and all-cause mortality. Patients with cancer showed an increased risk of hospitalizations for heart failure, with additional risk in those patients with spread disease. Possibly, these patients may have had preexisting myocardial dysfunction attributable to treatment with cardiotoxic drugs such as anthracyclines, trastuzumab, and tyrosine kinase inhibitors, rendering them more vulnerable to heart failure as a complication of the index ischemic insult. 4 Supporting this was the high rate of heart failure in patients with hematological malignancy, a group commonly treated with cardiotoxic drugs. 13 Patients with hematological malignancy also had high rates of all-cause mortality, MI, and bleeding, reflecting the risk of bone marrow invasion or suppression with resulting anemia and thrombocytopenia, platelet dysfunction, and higher risk for thrombotic complications. 14 Further supporting this was the relatively high rate of hematological malignancies in the current population compared with the Swedish general population. 9 Prostate cancer, which was the most common type of cancer, was also associated with an increased risk of MI and heart failure, but likely through other mechanisms. Androgen therapy for prostate cancer has previously been associated with MI and heart failure, possibly by inducing the metabolic syndrome secondary to testosterone deficiency. 15, 16 In contrast, bladder, breast, and colon cancer were not significantly associated with adverse cardiovascular outcome.
Stratification of the cancer population according to timing of care for cancer showed a strong association between recent cancer care (within 1 year) and increased all-cause mortality, recurrent MI, heart failure, and bleeding. Interestingly, cardiovascular risk was not elevated in patients with no care for cancer during the past year. Recent cancer care may reflect more recent cancer treatment, which can provoke cardiac ischemia. 4 It may also reflect more extensive or more aggressive disease.
Besides higher rates of cardiovascular complications, patients with cancer had higher risk for all bleeding outcomes, including fatal bleeding, major bleeding, and hospitalizations for bleeding, as well as intracranial bleeding. Of note, the degree of significance for intracranial bleeding was more uncertain because of the low number of events. Bleeding risk the primary tumor, for which a higher category generally means an increasing size, an increasing local extension, or both. T0, Ta, Tis, and Tx not shown. N0 denotes no regional lymph node involvement. N1 and higher denotes evidence of regional node(s) containing cancer. Nx not shown. M0 means no evidence of distant metastasis, and M1 means distant metastasis is present. Mx not shown. Hazard ratios calculated using Cox proportional hazards models adjusted for age, sex, diabetes mellitus, hypertension, smoking status, previous heart failure, previous percutaneous coronary intervention, previous coronary artery bypass surgery, chronic kidney disease, peripheral arterial disease, indication for admission, previous stroke, year of admission, and percutaneous coronary intervention during hospitalization. Our findings support the recent suggestion of cancer as a major risk factor for bleeding in patients undergoing percutaneous coronary intervention, and suggest that these recommendations should be extended to all patients with MI and cancer regardless of invasive management. 17 Bleeding in cancer is often multifactorial and may be attributable to malignancy-related factors (eg, immune-mediated thrombocytopenia, bone marrow involvement, bleeding from tumor tissue or eroded blood vessel, and disseminated intravascular coagulation) or treatment related (myelotoxicity, anticoagulation). 18 Venous thromboembolism was increased in the cancer population, contributing to bleeding complications attributable to the need for anticoagulant therapy. Patients with cancer with venous thromboembolism are known to be extra vulnerable for bleeding. 19 For cardiologists, strategies to reduce risk for bleeding include use of less potent antiplatelet therapy, low-dose aspirin, use of proton pump inhibitors, and shorter-duration dual antiplatelet therapy. In case of need for anticoagulant therapy, shortened triple-antithrombotic therapy or only dual-antithrombotic therapy can be considered. 20 For oncologists, strategies to reduce cardiovascular complications include consideration of cardiac disease before initiation of cardiotoxic therapy, optimal treatment of cardiovascular risk factors in cooperation with cardiologists, and use of treatment regimens with limited cardiotoxicity. 21 Other studies of varying size have investigated cancer in patients with ischemic heart disease. A large study by Potts et al 22 recently reported an increasing prevalence of cancer in patients undergoing percutaneous coronary intervention. They observed an increased risk of in-hospital mortality and percutaneous coronary intervention complications in patients with cancer, including higher bleeding rates. The importance of timing of cancer as well as extent of cancer was observed, and patients with breast cancer showed the best outcome, similar to our findings. 22 However, outcome was limited to inhospital events. A Canadian study also observed higher rates of mortality and heart failure but not reinfarction and stroke in patients with cancer after admission for MI. 23 Besides these large studies, a number of other studies have been published suggesting elevated rates of mortality, [24] [25] [26] [27] [28] [29] [30] [31] recurrent infarction, 24 bleeding, 24, 31 heart failure, 24, 30, 31 and target lesion revascularization. 32 However, the current cohort is the first large unselected nationwide study with the whole spectrum of patients with MI, including long-term follow-up for clearly defined ischemic and bleeding events.
Some limitations deserve mention. The SWEDEHEART registry includes patients admitted to cardiac care units, and patients diagnosed with MI at oncology units and not transferred to a cardiology department were not included. Likely, these are patients with type 2 MI or palliative patients with type 1 MI deemed unsuitable for transfer to a coronary care unit, as the standard of care for MI in Sweden includes transfer to a coronary care unit. Furthermore, classification of infarction into subtypes was available only in later years. Data on oncological treatment would have helped elucidate additional associations of cancer treatment with outcome but were not available. Although the Swedish national cancer registry has a high degree of completeness, tumor classification was not available for all patients. 33 The tumor classification was based on data from the time of cancer diagnosis and may have changed over time.
Conclusions
Cancer as a comorbid disorder is increasing and is strongly associated with mortality, severe bleeding, and adverse cardiovascular outcome after first MI. Cancer timing, extent, and type influence these risks and need to be taken into consideration when treating these high-risk patients. Because of the enormous heterogeneity of the cancer population, multidisciplinary evaluation with care tailored to the individual patient by both cardiologists and oncologists is needed to reduce risk for cardiovascular and bleeding complications. • Non-fatal major bleeding: Hospitalization with a bleeding diagnosis as principal or first secondary diagnosis if it was associated with a code for transfusion of whole blood or erythrocyte concentrate**. All intracranial bleeding events irrespective of whether transfusion was given or not.
• Bleeding requiring hospitalization: Hospitalization with a diagnosis of any extracranial bleeding in any position, without transfusion of whole blood or erythrocyte concentrate.
• The shown values are % (n). p-value <0.00313 was considered statistically significant (Bonferroni correction for 16 comparisons).
* Time between most recent cancer care or cancer diagnosis and myocardial infarction. † Time between cancer diagnosis and myocardial infarction T provides information about the primary tumor, for which a higher category generally means an increasing size, an increasing local extension or both. 2 T0, Ta, Tis and Tx not shown. N0 denotes no regional lymph node involvement. N1 and higher denotes evidence of regional node(s) containing cancer. Nx not shown. M0 means no evidence of distant metastasis, and M1 means distant metastasis is present. Mx not shown. 
Cardiovascular events
Cardiovascular mortality 1.04 (0.995-1.08) 0.085
